Information on family cancer history (FCH) is often collected for first-degree relatives, but more extensive FCH information is critical for greater accuracy in risk assessment. Using self-reported diagnosis of cancer as the gold standard, we examined differences in the sensitivity and specificity of relative-reported FCH by cancer site, race/ ethnicity, language preference, and kinship degree (1,524 individuals from 557 families; average number of relatives per family = 2.7). We evaluated the impact of FCH data collected in 2007-2013 from multiple relatives by comparing mean values and proportions for the number of relatives with any cancer, breast cancer, or ovarian cancer as reported by a single relative and by multiple relatives in the same family. The sensitivity of FCH was lower in Hispanics, Spanish-speaking persons, and third-degree relatives (e.g., for all cancers, sensitivities were 80.7%, 87.4%, and 91.0% for third-, second-, and first-degree relatives, respectively). FCH reported by multiple relatives included a higher number of relatives with cancer than the number reported by a single relative (e.g., mean increase of 1.2 relatives with any cancer), with more relatives diagnosed with any cancer, breast cancer, and ovarian cancer in 52%, 36% and 12% of families, respectively. Collection of FCH data from multiple relatives may provide a more comprehensive picture of FCH and may potentially improve risk assessment and preventive care.
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Having a family history of cancer is a significant risk factor for many cancers, including breast cancer (1) (2) (3) (4) (5) . Data on family cancer history (FCH) are incorporated into many public health and clinical guidelines for cancer prevention, early detection, and treatment. FCH information can be used to stratify cancer risks and identify persons who may benefit from more intensive screening programs or from initiation of screening at younger ages. FCH data are also extensively used in basic and population health research to increase knowledge about disease etiology and prevention and have aided in the discovery of cancer susceptibility genes (6, 7) . In addition, familial clustering of cancer reflects nongenetic factors that are commonly shared by family members (4, (8) (9) (10) . For example, relatives who live together or in close proximity for a considerable portion of their lives may have common physical and social environmental exposures, cultural practices, beliefs, and attitudes, as well as similar long-lasting behavioral habits (11) (12) (13) . Thus, even with increasing advances in the knowledge of genetic factors and genetic testing, family history continues to convey critically significant risk information that goes beyond genetic susceptibility (14) (15) (16) . Given the importance of FCH to population health research, public health interventions, and clinical care, investigating the validity of FCH is an essential area of research.
The most commonly used approach to collecting FCH information is to ask one family member (hereafter called a "relative") to report disease status for other relatives. The relative reporting the FCH data is more likely to have gathered this information from other relatives than from medical records. As a result, the accuracy of FCH information in most settings is contingent upon the accuracy of self-reported personal history of cancer, as well as sharing of this information within families. One way to assess whether FCH data reflect these factors is to compare relative-reported FCH with selfreported personal history of cancer. To date, the majority of research on the validity of FCH has only considered FCH in first-degree relatives and has confirmed FCH by comparison with hospital, cancer, and/or death registry data (17) (18) (19) (20) (21) (22) .
In addition to inadequate accuracy of FCH data, the completeness of FCH data has important implications for both research and clinical practice. Specifically, while a comprehensive FCH should entail at least 3 generations, in most research and clinical settings, FCH information on disease status is collected only for first-degree relatives. In particular, the collection of FCH data for second-or higher-degree relatives is essential for sex-specific cancers for which familial risk may be transmitted through both maternal and paternal lines but can only be observed in first-degree relatives of a specific sex (e.g., breast or ovarian cancer in the paternal line). Because of unavailability of FCH information on more distant relatives, we know substantially less about the feasibility and accuracy of collecting FCH data for second-and thirddegree relatives. Collecting FCH information from multiple relatives may be a reasonable way of improving both the accuracy and the completeness of FCH data, as different relatives may be more knowledgeable about the health histories of different relatives within the family; however, currently little is known about the validity of overall FCH compiled through multiple relatives' reports.
To assess the accuracy and completeness of FCH information, we used extensive FCH data collected by 1 or more family members participating in a research registry of families at high risk of breast and/or ovarian cancer. We examined the validity of participants' cancer status as reported by their relatives in comparison with participants' self-reported cancer diagnoses for all cancer sites (except basal-cell skin cancer) and for breast and ovarian cancer. We chose this comparison rather than comparing reports with cancer history ascertained through medical records, because our intent was to capture the accuracy of FCH information as exchanged within families. We further examined whether the validity of relatives' reports of FCH varied by the reporter's race/ethnicity, primary language, and degree of relationship to the relative for whom cancer information was being provided (kinship degree). Finally, we investigated the impact of using multiple relatives' reports on the completeness of FCH information by comparing FCH data based on reports from only 1 relative in the family with FCH data based on reports from multiple relatives from the same family.
METHODS

Study population
We used data from the New York site of the Breast Cancer Family Registry (NY BCFR), a 6-site international research registry established to promote interdisciplinary research on breast cancer etiology and epidemiology (23) . The NY BCFR recruited families at high risk of breast and/or ovarian cancer from clinical and community settings within the New York City metropolitan area. The NY BCFR families met at least 1 of the following criteria: 1 female relative diagnosed with breast or ovarian cancer at 45 years of age or younger, 1 female relative diagnosed with both breast and ovarian cancer, 1 male relative diagnosed with breast cancer, 1 relative with a mutation in the breast cancer 1 gene (BRCA1) or breast cancer 2 gene (BRCA2), or 2 relatives diagnosed with breast and/or ovarian cancer. The NY BCFR study protocol was approved by the Columbia University Medical Center Internal Review Board, and strict quality controls and safeguards were used to protect confidentiality. All participants provided informed consent prior to data collection.
FCH follow-up
In 2007-2013, we began a comprehensive collection of family history information to verify, expand, and update previously collected data on FCH. In contrast to the baseline FCH data collection, in which only 1 relative provided FCH information, all participants at the time of this follow-up were asked to provide FCH data, and each participant's data were entered and stored separately. For assessing the validity of relative-reported FCH as compared with self-reported cancer history, we included families with at least 1 relative reporting his or her own cancer history and at least 1 relative reporting FCH. Therefore, at least 2 family members had to participate in the follow-up to be included in this validity study. A total of 1,524 participants, representing 557 families, met these criteria (average number of relatives per family = 2.7). Over two-thirds (83.8%) of the self-reported cancers were confirmed through pathology reports. In 
Statistical methods
We calculated sensitivity and specificity and their corresponding 95% confidence intervals to compare cancer status data reported by the participants themselves (self-reports) with cancer status data reported for them by their relatives (relative reports). In our analysis, sensitivity was the proportion of self-reported cancer diagnoses that was correctly classified by relative reports, and specificity was the proportion of negative self-reported cancer diagnoses that was correctly classified by relative reports. These calculations were performed for reports of any cancer, breast cancer, and ovarian cancer, and the analyses were stratified according to relatives' characteristics, including race/ethnicity (white, Hispanic, other), primary language used for data collection (English, Spanish), and degree of kinship with the person for whom cancer status was being reported (first-, second-, or third-degree relative). We used χ 2 tests for proportions, with Bonferroni adjustment for multiple comparisons, to evaluate the statistical significance of observed differences across comparison groups. To evaluate the impact of having FCH data provided by multiple relatives, we compared the number of family members diagnosed with any cancer, breast cancer, or ovarian cancer as reported by all relatives in the family with the number of family members with the same type(s) of cancer as reported by 1 relative in the same family. The comparison was with a single reporter from the family who was unaffected by breast cancer. For these analyses, the family boundaries remained the same when comparing index relatives' and multiple relatives' FCH reports. All reported P values are 2-sided, and all statistical tests were performed using SAS 9.2 (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Participants included in this analysis were representative of the NY BCFR population, with the majority being female (80%), non-Hispanic white (75%), and English speakers (95%). Approximately 30% had a history of breast cancer, and fewer than 3% had a history of ovarian cancer (Table 1) .
We evaluated the accuracy of relative-reported FCH in comparison with self-reported cancer by race/ethnicity, kinship degree, and primary language for all cancer sites and for breast and ovarian cancers ( Table 2) . Sensitivity was highest for breast cancer status (sensitivity (Se) = 93.7%, 95% confidence interval (CI): 92.1, 95.1) and lowest for ovarian cancer The accuracy of FCH data showed some variation by kinship degree for all cancer sites and for ovarian cancer. For example, for all cancer sites, sensitivity was significantly lower for third-degree relative reports (Se = 80.7%, 95% CI: 75.3, 85.4) than for first-degree relative reports (Se = 91.0, 95% CI: 89.0, 92.7), and specificity was significantly lower for third-degree relative reports (Sp = 82.3%, 95% CI: 78.0, 86.0) than for first-degree relative (Sp = 90.0%, 95% CI: 88.4, 91.4) and second-degree relative (Sp = 89.6%, 95% CI: 86.5, 92.1) reports ( Table 2 ). The accuracy of FCH data for all cancer sites and for breast cancer also differed significantly by race/ethnicity and language, with the lowest sensitivity for breast cancer being observed among participants who were Hispanic (Se = 88.0%, 95% CI: 82.9, 92.0) and Spanishspeaking (Se = 81.9%, 95% CI: 71.1, 90.0). Hispanic and Spanish-speaking participants also had the highest specificity for breast cancer (Sp = 97.7% (95% CI: 96.2, 98.8) and Sp = 97.6 (95% CI: 94.0, 99.3), respectively). In contrast, Spanishspeaking participants had the lowest specificity for all cancer sites (Sp = 79.4%, 72.5, 85.2). With the exception of lower sensitivities in third-degree relatives and second-degree relatives relative to first-degree relatives, the accuracy of FCH data on ovarian cancer did not show statistically significant variations by other factors. We also examined the associations presented in Table 2 using only 1 reporter per family member; results were very similar, and the overall trends were the same (data not shown).
We further examined sensitivity and specificity among first-degree relatives according to the type of relationship relatives had to the person for whom cancer status data were being provided (i.e., parents, siblings, and offspring) ( Table 3 ). The only statistically significant differences observed were for the specificity of all cancer sites, with reports from parents having lower specificity (Sp = 81.4%, 95% CI: 76.2, 85.9) than reports from siblings (Sp = 90.5%, 95% CI: 88.5, 92.3) and offspring (Sp = 94.3%, 95% CI: 91.6, 96.4).
To assess the completeness of FCH information, we compared the reports of cancer at any site, breast cancer, and ovarian cancer made by the index relatives with reports of the same information made by all participating relatives in the same family (multiple relatives), keeping the same family boundaries. All comparisons showed statistically significantly higher mean numbers of relatives with a cancer history when FCH was reported by multiple relatives in the family than when FCH was reported by the index relative, with mean increases of 1.2, 0.6, and 0.1 in the numbers of relatives with cancer at all sites, breast cancer, and ovarian cancer, respectively ( Table 4) . As compared with FCH data reported by the index relative, multiple relatives collectively reported more relatives diagnosed with any cancer, breast cancer, and ovarian cancer in 52%, 36%, and 12% of 546 families with 2 or more relatives reporting FCH, respectively. The proportion of increase in the number of cancer cases within the family increased as the number of multiple relatives reporting FCH increased. For example, 16% of families with 2 relative reporters reported more breast cancer cases, whereas 65% of families with 4 or more relative reporters reported more breast cancer cases, both in comparison with reports made by the index relatives in the same families ( Figure 1B) .
DISCUSSION
FCH reflects the influences of shared environments, genes, and behaviors among relatives, and if the information is collected accurately, it can provide critical information for etiological and prevention research and for early detection, risk reduction, and treatment interventions. In recent years, growing attention has been focused on improving the collection and validity of family health history data, including the establishment of the Family Health History Initiative (http://www. hhs.gov/familyhistory) by the Office of the Surgeon General (US Public Health Service) to raise public awareness of the importance of family health information and to facilitate communication and collection of this information by families (24) (25) (26) . To understand the validity of FCH information communicated within families, we systematically collected FCH data from multiple relatives and compared relative reports of cancer status with self-reports of the same information among families at high risk for breast or ovarian cancer. We found high levels of sensitivity and specificity for family history of breast cancer and to a lesser extent for all cancer sites combined. The sensitivity of family history of ovarian cancer was more moderate, while specificity for this disease was extremely high. We observed more significant variations in specificity than in sensitivity measures; most notably, significantly lower specificity was found for reports by thirddegree relatives as compared with first-and second-degree relatives for all cancer sites and breast cancer. Sensitivity was also lower for second-and third-degree relatives for all cancer sites and for ovarian cancers, but there was little variation in the sensitivity of breast cancer status across different degrees of kinship. Furthermore, the accuracy of FCH information on breast cancer and all cancer sites was lower among Hispanic and Spanish-speaking participants, although the sensitivity remained high at >80%. Overall, these findings suggest that even in high-risk and highly motivated families participating in family-based studies, FCH is subject to systematic variations by kinship degree and sociodemographic variables, as reported in prior research with average-risk populations (17, 18, 21, 27) .
The sensitivities of FCH data in our study were close to the highest range of sensitivities reported in other studies, with most researchers reporting sensitivity measures in the range of 33%-95% (reviewed by Qureshi et al. (22)). In a recent population-based study of over 1,000 participants that considered kinship degree, Mai et al. (18) reported sensitivities of 64.9% and 59.0% for breast cancer family history reported by first-degree relatives and second-degree relatives, respectively, which are also considerably lower than the values we observed in this study across kinship levels. Our study population included families with at least 1 member diagnosed with breast or ovarian cancer or identified as a carrier of a mutation in BRCA1 or BRCA2. The majority of the families also had multiple relatives participating in the registry. Given these study design characteristics, it is reasonable to assume that there is a fairly high degree of sharing of FCH information within families participating in the BCFR, which may be reflected in the higher sensitivity of FCH data in our study as compared with other studies. Furthermore, with the exception of FCH data for ovarian cancer, the ranges of sensitivity and specificity values were similar in our study, whereas in other studies, the specificity of FCH data tended to be considerably higher than the sensitivity. These results may suggest that among high-risk families, overreporting of cancer status may be as much of a concern as underreporting of FCH.
We were also interested in learning whether collection of FCH data from additional family members would yield a more complete picture of FCH. To this end, we compared FCHs reported by a single relative with FCHs in the same family that were reported by multiple relatives. This comparison was made to mimic what happens in a typical epidemiologic cohort when unaffected women may be asked about their family history. Using the same family size (boundaries) for these comparisons of single reporters with multiple reporters, we found an increased number of relatives with cancer in FCHs based on multiple relatives versus a single relative. Given the observed high accuracy of relative reports of cancer, the larger number of relatives with cancer obtained using multiple relatives' reports suggests that inclusion of more relatives in the collection of FCH data identified cancer cases in the family that may have been missed when relying on a single relative informant in the family. For example, in one family, FCH data obtained from multiple relatives identified 2 additional family members with breast cancer who had not been included in the index relative's report of FCH. Based on the Breast and Ovarian Analysis of Disease Incidence and Carrier Estimation Algorithm (BOADICEA) model (http://ccge. medschl.cam.ac.uk/boadicea/), the additional breast cancer cases in the family increased the estimated remaining lifetime risk of a 53-year-old female family member to greater than 20%, the clinical threshold for breast cancer screening and prevention guidelines (28, 29) . The additional FCH reported by multiple relatives can also lead to lower risk profiles based on new information on key variables, such as more advanced age Abbreviation: CI, confidence interval. a P < 0.05 (Bonferroni-adjusted P value for comparison with siblings). b P < 0.05 (Bonferroni-adjusted P value for comparison with offspring). at cancer diagnosis by relatives with a closer relationship to affected family members. In our study, 2 or more relatives contributed FCH data in over 90% of the families, suggesting that collection of data from multiple family members may be practical and feasible in certain settings, such as family-based studies. We used self-reported cancer diagnosis as the "gold standard" to measure the sensitivity and specificity of relativereported FCH. We recognize that the true gold standard for cancer should be pathology reports; however, given that family members' knowledge of their FCH is most often obtained from a relative's self-report of personal cancer history, this type of validity information has important practical implications in many settings. The literature on the validity of self-reported cancer as compared with cancer registry data generally shows moderate-to-high accuracy, with higher accuracy for certain cancers (e.g., breast cancer) and among persons participating in cancer-related projects (27, (30) (31) (32) (33) (34) . Participants in our registry represent a relatively wide spectrum of cancer risk, ranging from being a BRCA1/2 mutation carrier to having only 1 relative in the family with breast or ovarian cancer; however, the great majority of study participants are likely to be at greater risk for breast or ovarian cancer than the general population. While this study design feature limits the external generalizability of our results to other populations, it provides an opportunity to demonstrate the higher range of accuracy for relative-reported FCH. This has important implications for accurately capturing family history of ovarian cancer, with only 86% of all cases being correctly reported even by first-degree relatives. Because we restricted our analysis to participants with self-reported cancer status at follow-up, our study population is likely to have included a higher proportion of cancer survivors, particularly for fatal cancers such as ovarian cancer; however, it is not clear whether this limitation would increase or reduce the validity of FCH information.
The main strengths of our study included the use of a large sample size, a high participation rate, and unique FCH data, which were systematically collected from multiple participants within the same family. Together, these strengths allowed for a comprehensive examination of the accuracy and completeness of relative-reported FCH.
In summary, families at high risk of breast or ovarian cancer have relatively accurate knowledge of their FCH, but this information is less accurately reported by Hispanic and Spanishspeaking persons and by third-degree relatives. Efforts to improve communication about FCH within families have the potential to increase accurate reporting of this crucial information, with important implications for both research and clinical practice. Our results also suggest that the addition of multiple relatives in the collection of FCH data, if feasible, may improve the completeness and accuracy of FCH by capturing missed cases of cancer and may provide additional or more accurate details on cancer history, such as ages of diagnosis. A more complete and accurate portrait of FCH is critical to accurate risk assessment for guidance on preventive care decisions, including chemoprevention and risk-reducing surgeries. Light shading shows the number of families with more family members diagnosed with cancer as reported by multiple relatives versus reported by a single relative in the family; dark shading shows the number of families with no differences in the number of family members diagnosed with cancer as reported by multiple relatives versus reported by a single relative in the family.
